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Functional Development at School Age of Newborn Infants at Risk

Abstract

We aimed to determine motor, cognitive, and behavioral outcome at school age of 

children that had either necrotizing enterocolitis (NEC) or spontaneous intestinal 

perforation (SIP). This case-control study included infants with NEC Bell’s stage-

IIA onwards, infants with SIP and matched controls (1996-2002). At school age 

we assessed motor skills, intelligence, visual perception, visuomotor integration, 

verbal memory, attention, behavior, and executive functions. Of 93 infants with 

NEC or SIP, 28 (30%) died. We included 52 of 65 survivors for follow-up. At mean 

age 9 years we found that 68% of the children had borderline or abnormal scores 

on the Movement Assessment Battery for Children (versus 45% of controls). Their 

mean total intelligence quotient (IQ) was 86±14 compared to 97±9 in the controls. 

Additionally, attention and visual perception were affected (p<.01 and p=.02). In 

comparison to controls, surgically treated children were at highest risk for adverse 

outcome. In conclusion, at school age the motor functions and intelligence of many 

children with NEC or SIP were borderline or abnormal and, specifically, attention 

and visual perception were impaired. Children with NEC or SIP form a specific risk-

group for functional impairments at school age even though the majority does not 

have overt brain pathology.
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Introduction

Necrotizing enterocolitis (NEC) is a common, acute gastrointestinal disease in newborn, 

mostly preterm infants. The clinical manifestation and course of NEC can vary from 

non-specific symptoms requiring conservative treatment to a fulminant disease with 

major abdominal and systemic symptoms requiring surgery. 

Spontaneous intestinal perforation (SIP) is a less common gastrointestinal disorder. Its 

incidence has increased over time with the increasing rate of survival of very low birth 

weight infants. Infants with SIP have clinical and radiographic features that are often 

less pronounced than infants with NEC, but they always require surgical treatment.1 

Mortality in infants with NEC or SIP is found to range between 15 to 30%.1,2

Newborn infants with NEC or SIP often require prolonged ventilatory support and 

they are prone to develop sepsis, which both can lead to white matter injury.3 In 

addition, they often have difficulty tolerating enteral feeding that subjects them to 

inadequate nutrition and growth impairment. All these factors contribute to the risk 

of neurodevelopmental disabilities. Earlier studies reported that ~20% of the infants 

with NEC develop cerebral palsy (CP) while even more children have cognitive 

impairments.4,5 Most of these studies, however, only followed the children up to the 

age of 2 years. Furthermore, infants with SIP are frequently excluded from outcome 

studies since SIP is a different disease than NEC, while they have similar presenting 

signs. Consequently, the neurodevelopmental outcome at school age of children with 

NEC or SIP is unknown. Since functional demands at school age are higher than at 

younger ages, more specific motor, cognitive, and behavioral deficits that were not 

detected previously may now become apparent. 

The first aim of our study was to determine the motor, cognitive, and behavioral 

outcome at school age of children with the gastrointestinal diseases NEC or SIP 

compared to control children of similar gestational age. Our second aim was to identify 

disease-related risk factors for adverse outcome, such as type of treatment, Bell’s 

stage, and presence of late onset sepsis. We hypothesized that children with surgically 

treated NEC (SurgNEC) would be at highest risk for neurodevelopmental impairments 

compared to children with SIP and medically treated NEC (MedNEC), since they had 

often been severely ill for a significant period of time and their illness was frequently 

complicated with perforation.
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Methods

Patients

We selected all newborn infants that were admitted to the Neonatal Intensive Care 

Unit (NICU) of the University Medical Center Groningen between 1996-2002 and 

diagnosed with either NEC, from Bell’s stage-IIA onwards, or SIP. We found the 

infants by searching the patient database on the diagnoses NEC, and intestinal and 

gastric perforations. We also included control infants from our NICU that were born in 

the same period (1996-2002) and matched for gender and gestational age. We aimed 

at including 1.5-2 times as many control infants as cases in the subgroups of infants 

with gastrointestinal diseases (i.e. MedNEC (n=15), SurgNEC (n=17), SIP (n=20)). 

We therefore included 31 controls. We excluded patients with major chromosomal 

anomalies. The infants in the control group were comparable to our study group in 

all respects except that they did not have gastrointestinal diseases (Table 1).6 The 

diagnosis of either NEC or SIP was made in a multi-disciplinary setting, involving 

neonatologists, pediatric surgeons and radiologists based on i. clinical signs, 

including abdominal distention and discoloration, bloody stools, and circulatory 

and respiratory instability; II. radiological signs consistent with either pneumatosis 

intestinalis, pneumoperitoneum or both; and III. the extent of the affected bowel during 

surgery. All of the infants with SIP and SurgNEC underwent laparotomy in the acute 

phase of the illness. We reviewed the medical charts for neonatal and disease-related 

characteristics. Disease severity in the infants with NEC was classified according to 

Bell’s stages by using the clinical, radiographic, and laparotomy findings.7 We also 

recorded the number of disease-related reoperations in the first year of life.

Follow-up

The children were invited prospectively to participate in an extension of the routine 

follow-up program which was supervised by a child neuropsychologist (K.N.J.A.B.). 

The program entailed the assessment of motor performance, cognition, and 

behavior at the age of 6 to 13 years. The follow-up took approximately 2.5 hours 

to complete including breaks. Parents gave their written informed consent to 

participate in the follow-up program. The study was approved by the Medical 

Ethical Committee of the University Medical Center Groningen.
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Motor Outcome

We determined the presence or absence of CP following Bax’ criteria.8 In case 

of CP, gross motor functioning was scored with the Gross Motor Function 

Classification System (GMFCS), a functional, five level classification system for 

CP.9 Higher GMFCS levels indicate more severe functional impairments.

To assess the children’s motor outcome we administered the Movement 

Assessment Battery for Children (Movement-ABC), a standardized test of motor 

skills for children.10 This test yields a total motor performance score that is based on 

subscores for manual dexterity (fine motor skills), ball skills, and static and dynamic 

balance (coordination). The higher the score, the poorer the performance. 

We also measured height and weight of the children which are expressed as 

z-scores.

Cognitive Outcome

Total, verbal, and performance intelligence were assessed using a shortened 

version of the Wechsler Intelligence Scale for Children, third edition, Dutch version 

(WISC-III-NL).11 In addition, we assessed central visual perception and visuomotor 

integration with the subtests Geometric Puzzles and Design Copying of the NEPSY-

II, a neuropsychological test battery for children.12 Visuomotor integration involves 

the integration of visual information with finger-hand movements. 

We assessed verbal memory with a standardized Dutch version of Rey’s Auditory 

Verbal Learning Test.13 

We measured selective attention and attentional control with the subtests Map 

Mission and Opposite Worlds of the Test of Everyday Attention for Children.14 

Selective attention refers to a child’s ability to select target information from an 

array of distractors. Attentional control refers to the ability to shift attention flexibly 

and adaptively. 

Behavioral Outcome

To obtain information on the children’s behavioral and emotional competencies 

and problems we asked the parents to complete the Child Behavior Checklist.15 

It consists of two subscales, one for internalizing problems (withdrawn behavior, 
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somatic complaints, and anxious/depressed scales) and one for externalizing 

problems (delinquent and aggressive behavior scales), and a composite total 

scale. 

The parents also filled out the Behavior Rating Inventory of Executive Function16 to 

assess executive functioning involved in well-organized, purposeful, goal-directed, 

and problem-solving behavior. 

Test scores obtained when a child was too tired and/or uncooperative (as 

assessed by the trained experimenter) as well as incomplete questionnaires, were 

excluded.

The experimenter was blinded to the presence or absence of gastrointestinal 

diseases in the children.

Statistical Analyses

We classified the intelligence quotients (IQs) as normal (IQ≥85), borderline (mildly 

abnormal, IQ 70-85), moderately abnormal (IQ 69-55), and severely abnormal 

(IQ<55). We used the percentiles on the standardization samples of the Movement-

ABC and cognitive tests to classify raw scores into normal (>P15), borderline (P5-

P15), and abnormal (<P5). For the Child Behavior Checklist and Behavior Rating 

Inventory of Executive Function we used a similar classification following the 

criteria in the manual. Visual inspection of the histograms and Q-Q plots were used 

to determine which outcome measures were normally distributed. We then used 

the Student’s t, Mann-Whitney U, and Chi2 test where appropriate to compare the 

outcome measures of the study group with the control group and to relate disease 

characteristics to outcome. We used backward logistic regression analysis to 

calculate the odds ratios (ORs) for worse outcome when comparing the children 

with gastrointestinal diseases to the controls, and the children with SurgNEC 

to the groups of children with both MedNEC and SIP. We repeated the logistic 

regression analyses, adjusting for severe cerebral pathology. Cerebral pathology 

was detected by serial cranial ultrasound scans, and defined as severe in case 

of grade III germinal matrix hemorrhage, post-hemorrhagic ventricular dilatation, 

periventricular hemorrhagic infarction and cystic periventricular leukomalacia. 

Next, to identify additional disease-related risk factors for adverse outcome, 
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we performed a univariate analysis to relate age at development of NEC, Bell’s 

stage, localization of SIP (gastric or intestinal), presence of late onset sepsis, age 

at surgery, and multiple surgeries to outcome within the group of children with 

gastrointestinal diseases. Throughout the analyses p<.05 was considered to be 

statistically significant. SPSS 16.0 software for Windows (SPSS Inc, Chicago, IL) 

was used for the analyses. The analyses were performed by E.R. and A.F.B. with 

support from a statistician.
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Results

Between 1996-2002 a total of 3,947 patients were admitted to our NICU. After 

database search 59 infants with NEC and 34 infants with SIP were included. 

Twenty (34%) of the infants with NEC and 8 (24%) of the infants with SIP died in 

the neonatal period. A total of 65 survivors with gastrointestinal diseases remained 

of whom 52 (80%) participated in the follow-up program – 8 sets of parents 

declined the invitation to participate, 4 could not be traced, and 1 child could not 

be assessed as a result of being deaf. We included 31 control infants from our 

NICU for follow-up.

 

Patient Characteristics

Table 1 gives an overview of the patient demographics of the children with 

gastrointestinal diseases and the controls. The demographics of the 13 children 

who did not participate were comparable to the children included in our study 

(n=7 with NEC, n=6 with SIP, median gestational age 28.9 weeks, birth weight 

1,100 grams). The child that could not be assessed as a result of being deaf had 

MedNEC.

Of the 15 infants with MedNEC, 13 had Bell’s stage-IIA and 2 stage-IIB. One of 

these infants was surgically treated for an intestinal stenosis several weeks after 

recovering from NEC. Of the 17 infants with SurgNEC, 1 had Bell’s stage-IIA, 1 

stage-IIB, 3 stage-IIIA, and 12 stage-IIIB. 

Two of the 20 infants with SIP had a stomach perforation and 18 had an intestinal 

perforation. All infants with SIP and SurgNEC underwent laparotomy in the acute 

phase of their gastrointestinal disease. One child with SIP received postnatal 

steroids from day 11 onwards because of respiratory problems, prior to the 

development of SIP.

During childhood, 3 children required pediatric intensive care treatment for 

respiratory support, which was not related to their gastrointestinal disease from 

the neonatal period. One child with MedNEC had subglottic laryngitis, one child 

with SIP required a cardiac intervention for pulmonary artery stenosis and one 

control child had a respiratory syncytial virus infection.
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Follow-up

The mean age at follow-up was 9.3 years (range 6.2-13.3 years). At school age we 

found that 1 child had visual problems requiring prescription glasses, 4 children 

had hearing problems requiring hearing aids, and 4 children had epilepsy. These 

disabilities were not found in the control group. Regarding growth, we found that 

children with gastrointestinal diseases had a mean height z-score of -0.37 (SD, 

1.17), weight of 0.09 (SD 1.34), and head circumference of -0.40 (SD 1.09). In the 

control children this was -0.40 (SD 0.95) for height, 0.11 (SD 1.57) for weight, and 

-0.43 (SD 1.45) for head circumference.

Motor Outcome

Of the 52 children with gastrointestinal diseases, 3 developed unilateral CP (6%) 

and 5 bilateral CP (9%). Their functional impairments were limited to GMFCS level-I 

in 3 and level-II in 4 children. One child with severe functional impairments had 

GMFCS level-IV. In the control group only 1 child developed bilateral CP (5%) with 

GMFCS level-II. The increased incidence of CP in the children with gastrointestinal 

diseases was almost significant (p=.08).

The median scores on the Movement-ABC are shown in Table 2. The child with 

severe CP (GMFCS-IV) was not assessed with the Movement-ABC. The children 

with gastrointestinal diseases scored significantly worse than the controls on the 

total Movement-ABC score and on the subtests fine motor skills and coordination. 

In Table 3 we classified the outcome into the categories normal, borderline, and 

abnormal, and present the ORs for worse outcome, after correction for cerebral 

pathology. Sixty-eight percent of the children with gastrointestinal diseases 

obtained borderline or abnormal scores on the Movement-ABC with an OR of 

2.27 compared to controls. Before correction for cerebral pathology, ORs for 

borderline /abnormal outcome on the total score of the Movement-ABC and 

abnormal outcome on coordination were slightly higher. (OR 2.66, 95% CI 1.06-

6.68, p=.04, and OR 3.64, 95% CI 1.20-11.02, p=.02 respectively). All other ORs 

were the same.
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Cognitive and Behavioral Outcome

Of the 52 children with gastrointestinal diseases 15 (28%) attended special 

education classes and 14 (27%) had to repeat classes. In the control group (n=31) 1 

child (3%) attended a special education class and 8 (26%) had to repeat classes.

Table 2 shows the mean and median scores, where appropriate, on the cognitive 

and behavioral measures. For 3 children with gastrointestinal diseases the 

neuropsychological tests were too difficult because of very low IQ scores. In 

comparison to the controls the children with gastrointestinal diseases scored 

significantly lower on intelligence (total, verbal, and performance), visual perception, 

and attention. There was a trend towards lower scores on visuomotor integration. 

On the delayed recall of verbal memory they scored slightly better than the controls. 

The incidence of behavioral problems in the groups was comparable. 

In Table 3 we classified the scores into the categories normal, borderline, and 

abnormal including the ORs for worse outcome after correction for cerebral 

pathology. The children whose neuropsychological functions could not be 

assessed were included in the category abnormal. Regarding IQ, we found that 

n=3 children had moderately abnormal total IQs, whilst n=2 had severely abnormal 

total IQs; for verbal IQ this was n=5 and n=2 and for performance IQ n=5 and n=2 

respectively. The ORs confirmed the analyses of the mean scores except for visual 

perception in which case the OR was not significant. The better scores on verbal 

memory were not confirmed by the ORs. Analyses without correction for cerebral 

pathology revealed similar results with slightly different ORs, but no differences in 

level of significance (data not shown). Only ORs for borderline /abnormal verbal IQ 

and visuomotor integration were higher prior to correction (OR 3.28, 95% CI 0.99-

10.88, p=.05 and OR 4.15, 95% CI 1.10-15.66, p=.03, respectively).

Disease Characteristics in relation to Outcome

Subsequently, we determined whether the disease characteristics of the children 

with gastrointestinal diseases were related to outcome at school age. Between 

the subgroups of children with gastrointestinal diseases (MedNEC, SurgNEC, and 

SIP) no differences in outcome were found. Next, we analyzed the outcomes of the 

subgroups in comparison to the controls. In Figure 1 we provide the Movement-
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ABC and IQ scores. The children with SIP had the highest Movement-ABC scores, 

which indicates adverse outcome. The IQ scores of the children with MedNEC, 

SurgNEC, and SIP were lower than those of the controls. We found the biggest 

differences for children with SurgNEC or SIP.

In Table 4 we present the ORs for borderline /abnormal outcome of the children 

with MedNEC, SurgNEC, or SIP in comparison to the control group. The children 

with SIP had a significant increased risk for worse motor outcome compared to 

the controls. The ORs for lower intelligence reached significance in the children 

with SurgNEC and SIP, and showed a trend towards significance in children with 

MedNEC. The children with SurgNEC were at risk for worse visuomotor integration. 

Attention was worse in all three groups, although only the ORs of the children with 

SurgNEC and SIP reached significance. When calculating the ORs for abnormal 

outcome only, the domains in which the children had increased ORs for worse 

outcome were similar, apart from some empty fields (data not shown). 

Analyses without correction for cerebral pathology showed that visual perception 

tended to be worse in children with SIP compared to controls (OR 4.93, 95% CI 

0.87-27.88, p=.07). All other ORs were the same before and after correction.

None of the additional disease-related risk factors (the age at development of 

NEC, Bell’s stage, localization of SIP (gastric or intestinal), presence of late onset 

sepsis, age at surgery, and multiple surgeries) were related to adverse 

outcome at school age. 
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TABLE 1 Patient demographics

Data are given as median (25th-75th percentile) or as numbers (percentage). *Indicates p<.05 when 
comparing MedNEC to SurgNEC, **Indicates p<.05 when comparing SurgNEC to SIP
1.  Mild cerebral pathology was defined as grade I and II germinal matrix-intraventricular hemorrhage 

(GMH-IVH) 
2.  Severe cerebral pathology was defined as grade III GMH-IVH, post-hemorrhagic ventricular 

dilatation (PHVD), periventricular hemorrhagic infarction, and cystic periventricular leukomalacia. 
PHVD was defined as a lateral ventricle size of <0.33 according to Evans’ index (the right and left 
lateral horn width divided by the maximum internal skull width)6 

3. Retinopathy of prematurity grade III and worse  
4.  Calculated by the Chi2 and Mann-Whitney U test comparing the children with gastrointestinal 

diseases (MedNEC, SurgNEC, and SIP taken together) to the controls 
Abbreviations: HFO- high frequency oscillation; GMH-IVH- germinal matrix hemorrhage-
intraventricular hemorrhage; IPPV- intermittent positive pressure ventilation; IUGR- intrauterine growth 
restriction; ns- not significant; PHVD- post-hemorrhagic ventricular dilatation.  

MedNEC SurgNEC SIP Controls p-value4

Number n=15 n=17 n=20 n=31

Males/females 9/6 11/6 14/6 17/14 ns

Gestational age (weeks) 29.8  
(27.5-34.6)

31.2  
(29.0-32.8)

29.5  
(27.5-31.2)

30.0  
(27.7-32.0)

ns

Birth weight (grams) 1100 
(1020-1775)

1415  
(1103-1770)

1173  
(850-1494)

1220 
(1060-1840)

ns

IUGR (<P10) n=2 (13) n=4 (24) n=1 (5) n=2 (6) ns

Apgar at 5 minutes 9 (7-10) 8 (6-10) 9 (4-10) 9 (5-10) ns

Asphyxia n=1 (7) n=1 (6) n=2 (10) n=0 (0) ns

Ventilatory support 
(IPPV or HFO) 

n=13 (87) n=17 (100) n=20 (100) n=20 (65) <0.001

Inotropics n=4 (27) n=10 (59) n=8 (40) n=3 (10) 0.001

Cerebral pathology

None n=8 (53) n=11 (65) n=11 (55) n=24 (77) ns

Mild1 n=5 (33) n=5 (29) n=6 (30) n=7 (23) ns

Severe2 n=2 (13) n=1 (6) n=3 (15) n=0 (0) ns

Neonatal seizures n=0 (0) n=0 (0) n=3 (15) n=0 (0) ns

Late onset sepsis n=3 (20)* n=11 (65)** n=4 (20) n=3 (10) 0.009

Gram-positive bacteria n=2 (13)* n=9 (53)** n=3 (15) n=3 (10) ns

Gram-negative bacteria n=1 (7) n=3 (18) n=4 (20) n=0 (0) ns

Late onset morbidity

Retinopathy of prematurity3 n=1 (7) n=0 (0) n=1 (5) n=0 (0) ns

Bronchopulmonary 
dysplasia

n=5 (33) n=4 (24) n=4 (20) n=6 (19) ns

Postnatal steroids n=2 (13) n=5 (29) n=5 (25) n=6 (19) ns

Reoperations within first 
year of life

- 2 (1-4) 1 (0-4) -
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MedNEC SurgNEC SIP Controls p-value4

Number n=15 n=17 n=20 n=31

Males/females 9/6 11/6 14/6 17/14 ns

Gestational age (weeks) 29.8  
(27.5-34.6)

31.2  
(29.0-32.8)

29.5  
(27.5-31.2)

30.0  
(27.7-32.0)

ns

Birth weight (grams) 1100 
(1020-1775)

1415  
(1103-1770)

1173  
(850-1494)

1220 
(1060-1840)

ns

IUGR (<P10) n=2 (13) n=4 (24) n=1 (5) n=2 (6) ns

Apgar at 5 minutes 9 (7-10) 8 (6-10) 9 (4-10) 9 (5-10) ns

Asphyxia n=1 (7) n=1 (6) n=2 (10) n=0 (0) ns

Ventilatory support 
(IPPV or HFO) 

n=13 (87) n=17 (100) n=20 (100) n=20 (65) <0.001

Inotropics n=4 (27) n=10 (59) n=8 (40) n=3 (10) 0.001

Cerebral pathology

None n=8 (53) n=11 (65) n=11 (55) n=24 (77) ns

Mild1 n=5 (33) n=5 (29) n=6 (30) n=7 (23) ns

Severe2 n=2 (13) n=1 (6) n=3 (15) n=0 (0) ns

Neonatal seizures n=0 (0) n=0 (0) n=3 (15) n=0 (0) ns

Late onset sepsis n=3 (20)* n=11 (65)** n=4 (20) n=3 (10) 0.009

Gram-positive bacteria n=2 (13)* n=9 (53)** n=3 (15) n=3 (10) ns

Gram-negative bacteria n=1 (7) n=3 (18) n=4 (20) n=0 (0) ns

Late onset morbidity

Retinopathy of prematurity3 n=1 (7) n=0 (0) n=1 (5) n=0 (0) ns

Bronchopulmonary 
dysplasia

n=5 (33) n=4 (24) n=4 (20) n=6 (19) ns

Postnatal steroids n=2 (13) n=5 (29) n=5 (25) n=6 (19) ns

Reoperations within first 
year of life

- 2 (1-4) 1 (0-4) -

TABLE 2  Motor, cognitive, and behavioral outcome in children with 

gastrointestinal diseases (NEC or SIP) versus controls

Data are given as mean (standard deviation, range) for normally distributed variables or median 
(25th-75th percentile) for non normally distributed variables. NS; not significant
# p-values derived from Student t-test or Mann-Whitney u test
1. Raw-scores
2. Intelligence quotients
3. Percentiles
4. T-scores

Children with 
gastrointestinal 
diseases (n=52)

Controls (n=31) p-values#

Age at follow-up 9.6 (2.2, 6.2-13.2) 8.9 (1.6, 6.8-13.3) ns

Motor outcome (n=82)1

Movement-ABC total 10 (7-20) 8 (5-13) 0.037

Fine motor skills  6 (3-9) 3 (1-6) 0.008

Ball skills  2 (0-5) 3 (1-5) ns

Coordination  4 (2-8) 2 (0-4) 0.006

Cognitive outcome

Total intelligence2 86 (14, 45-118) 97 (9, 79-119) <0.001

Verbal intelligence2 87 (15, 50-125) 98 (12, 78-128) 0.001

Performance intelligence2 84 (15, 40-110) 95 (10, 78-118) 0.001

Visual perception (n=72)3 43 (29, 0.1-100) 61 (29, 5-98) 0.02

Visuomotor integration (n=80)3 47 (35, 0-100) 61 (30, 9-100) 0.08

Verbal memory (n=80)3 48 (39, 0-100) 48 (29, 1-91) ns

Delayed recall (n=74)3 54 (33, 0.1-99) 38 (30, 1-95) 0.04

Recognition (n=75)1 29 (2, 21-30) 29 (2, 22-30) ns

Selective attention (n=79)3 16 (6-50) 50 (25-63) 0.01

Attentional control (n=80)3 16 (3-50) 50 (16-75) 0.005

Behavioral outcome (n=81)

Total behavioral problems4 55 (11, 29-88) 55 (11, 34-81) ns

Internalizing problems4 53 (11, 33-77) 54 (13, 33-73) ns

Externalizing problems4 53 (11, 33-83) 52 (12, 33-82) ns

Executive functioning3 50 (27-81) 51 (30-66) ns



Functional Development at School Age of Newborn Infants at Risk

TABLE 3  Outcome of children with gastrointestinal diseases (NEC or 

SIP) classified into normal, borderline, and abnormal versus controls  

(the presented ORs are adjusted for severe cerebral pathology)

Children with gastrointestinal diseases (n=52) Controls (n=31) OR (95% CI)1 OR (95% CI)2

Normal Borderline Abnormal Normal Borderline Abnormal

Motor outcome (n=82)

Movement-ABC total 16 (31) 14 (27) 21 (41) 17 (55) 6 (19) 8 (26) 2.27* (0.90-5.78) 1.69 (0.62-4.59)

Fine motor skills 20 (39) 16 (31) 15 (29) 21 (68) 7 (23) 3 (10) 3.23** (1.27-8.33) 3.89** (1.02-14.77)

Ball skills 32 (63) 8 (16) 11 (22) 18 (58) 9 (29) 4 (13) 0.61 (0.23-1.57) 1.86 (0.54-6.44)

Coordination 24 (47) 6 (12) 21(41) 22 (71) 4 (13) 5 (16) 2.75** (1.06-7.12) 3.05* (0.99-9.43)

Cognitive outcome

Total intelligence 30 (58) 17 (33) 5 (10) 29 (94) 2 (6) 10.63‡ (2.29-49.35) ||

Verbal intelligence 35 (67) 10 (19) 7 (13) 27 (87) 4 (13) 2.66 (0.77-9.10) ||

Performance intelligence 31 (60) 14 (27) 7 (13) 25 (81) 6 (19) 2.82* (0.99-8.06) ||

Visual perception (n=75) 41 (82) 7 (14) 2 (4) 23 (92) 2 (8) 3.63 (0.75-17.70) ||

Visuomotor integration 39 (75) 6 (12) 7 (13) 28 (90) 3 (10) 3.29* (0.85-12.84) ||

Verbal memory 43 (83) 4 (8) 5 (10) 26 (84) 1 (3) 4 (13)

Delayed recall (n=77) 41 (84) 2 (4) 6 (12) 20 (71) 6 (21) 2 (7) 0.53 (0.17-1.61) 1.95 (0.37-10.41)

Recognition (n=78) 42 (86) 7 (14) 0 (0) 24 (83) 2 (7) 3 (10)

Selective attention (n=82) 35 (69) 9 (18) 7 (14) 27 (87) 2 (6) 2 (6) 4.01** (1.22-13.22) 3.54 (0.72-17.36)

Attentional control 33 (63) 6 (12) 13 (25) 26 (84) 2 (6) 3 (10) 3.81** (1.26-11.50) 4.15** (1.10-15.66)

Behavioral outcome (n=81)

Total behavioral problems 35 (70) 4 (8) 11 (22) 20 (65) 5 (16) 6 (19)

Internalizing problems 36 (72) 5 (10) 9 (18) 18 (58) 4 (13) 9 (29)

Externalizing problems 35 (70) 4 (8) 11 (22) 25 (81) 2 (6) 4 (13)

Executive functioning 42 (84) 6 (12) 2 (4) 27 (87) 2 (6) 2 (6)

Children with gastrointestinal diseases (n=52) Controls (n=31) OR (95% CI)1 OR (95% CI)2

Normal Borderline Abnormal Normal Borderline Abnormal

Motor outcome (n=82)

Movement-ABC total 16 (31) 14 (27) 21 (41) 17 (55) 6 (19) 8 (26) 2.27* (0.90-5.78) 1.69 (0.62-4.59)

Fine motor skills 20 (39) 16 (31) 15 (29) 21 (68) 7 (23) 3 (10) 3.23** (1.27-8.33) 3.89** (1.02-14.77)

Ball skills 32 (63) 8 (16) 11 (22) 18 (58) 9 (29) 4 (13) 0.61 (0.23-1.57) 1.86 (0.54-6.44)

Coordination 24 (47) 6 (12) 21(41) 22 (71) 4 (13) 5 (16) 2.75** (1.06-7.12) 3.05* (0.99-9.43)

Cognitive outcome

Total intelligence 30 (58) 17 (33) 5 (10) 29 (94) 2 (6) 10.63‡ (2.29-49.35) ||

Verbal intelligence 35 (67) 10 (19) 7 (13) 27 (87) 4 (13) 2.66 (0.77-9.10) ||

Performance intelligence 31 (60) 14 (27) 7 (13) 25 (81) 6 (19) 2.82* (0.99-8.06) ||

Visual perception (n=75) 41 (82) 7 (14) 2 (4) 23 (92) 2 (8) 3.63 (0.75-17.70) ||

Visuomotor integration 39 (75) 6 (12) 7 (13) 28 (90) 3 (10) 3.29* (0.85-12.84) ||

Verbal memory 43 (83) 4 (8) 5 (10) 26 (84) 1 (3) 4 (13)

Delayed recall (n=77) 41 (84) 2 (4) 6 (12) 20 (71) 6 (21) 2 (7) 0.53 (0.17-1.61) 1.95 (0.37-10.41)

Recognition (n=78) 42 (86) 7 (14) 0 (0) 24 (83) 2 (7) 3 (10)

Selective attention (n=82) 35 (69) 9 (18) 7 (14) 27 (87) 2 (6) 2 (6) 4.01** (1.22-13.22) 3.54 (0.72-17.36)

Attentional control 33 (63) 6 (12) 13 (25) 26 (84) 2 (6) 3 (10) 3.81** (1.26-11.50) 4.15** (1.10-15.66)

Behavioral outcome (n=81)

Total behavioral problems 35 (70) 4 (8) 11 (22) 20 (65) 5 (16) 6 (19)

Internalizing problems 36 (72) 5 (10) 9 (18) 18 (58) 4 (13) 9 (29)

Externalizing problems 35 (70) 4 (8) 11 (22) 25 (81) 2 (6) 4 (13)

Executive functioning 42 (84) 6 (12) 2 (4) 27 (87) 2 (6) 2 (6)
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Children with gastrointestinal diseases (n=52) Controls (n=31) OR (95% CI)1 OR (95% CI)2

Normal Borderline Abnormal Normal Borderline Abnormal

Motor outcome (n=82)

Movement-ABC total 16 (31) 14 (27) 21 (41) 17 (55) 6 (19) 8 (26) 2.27* (0.90-5.78) 1.69 (0.62-4.59)

Fine motor skills 20 (39) 16 (31) 15 (29) 21 (68) 7 (23) 3 (10) 3.23** (1.27-8.33) 3.89** (1.02-14.77)

Ball skills 32 (63) 8 (16) 11 (22) 18 (58) 9 (29) 4 (13) 0.61 (0.23-1.57) 1.86 (0.54-6.44)

Coordination 24 (47) 6 (12) 21(41) 22 (71) 4 (13) 5 (16) 2.75** (1.06-7.12) 3.05* (0.99-9.43)

Cognitive outcome

Total intelligence 30 (58) 17 (33) 5 (10) 29 (94) 2 (6) 10.63‡ (2.29-49.35) ||

Verbal intelligence 35 (67) 10 (19) 7 (13) 27 (87) 4 (13) 2.66 (0.77-9.10) ||

Performance intelligence 31 (60) 14 (27) 7 (13) 25 (81) 6 (19) 2.82* (0.99-8.06) ||

Visual perception (n=75) 41 (82) 7 (14) 2 (4) 23 (92) 2 (8) 3.63 (0.75-17.70) ||

Visuomotor integration 39 (75) 6 (12) 7 (13) 28 (90) 3 (10) 3.29* (0.85-12.84) ||

Verbal memory 43 (83) 4 (8) 5 (10) 26 (84) 1 (3) 4 (13)

Delayed recall (n=77) 41 (84) 2 (4) 6 (12) 20 (71) 6 (21) 2 (7) 0.53 (0.17-1.61) 1.95 (0.37-10.41)

Recognition (n=78) 42 (86) 7 (14) 0 (0) 24 (83) 2 (7) 3 (10)

Selective attention (n=82) 35 (69) 9 (18) 7 (14) 27 (87) 2 (6) 2 (6) 4.01** (1.22-13.22) 3.54 (0.72-17.36)

Attentional control 33 (63) 6 (12) 13 (25) 26 (84) 2 (6) 3 (10) 3.81** (1.26-11.50) 4.15** (1.10-15.66)

Behavioral outcome (n=81)

Total behavioral problems 35 (70) 4 (8) 11 (22) 20 (65) 5 (16) 6 (19)

Internalizing problems 36 (72) 5 (10) 9 (18) 18 (58) 4 (13) 9 (29)

Externalizing problems 35 (70) 4 (8) 11 (22) 25 (81) 2 (6) 4 (13)

Executive functioning 42 (84) 6 (12) 2 (4) 27 (87) 2 (6) 2 (6)

Data are given as number (percentage). Normal was defined as >P15, borderline as P5-P15 and 
abnormal <P5, with regard to intelligence, normal was defined as IQ >85, borderline as IQ 70-85 
and abnormal as IQ <70. Data are given as odds ratio (95% confidence interval) derived from logistic 
regression analyses, corrected for severe cerebral pathology. *p<.10, **p<.05, ‡p<.01 
|| Could not be determined due to absence of abnormal controls. Empty fields in OR columns indicate 
that ORs were not calculated due to lack of significance after comparing the mean scores.
1. Odds ratios for borderline and abnormal outcome
2 .Odds ratios for abnormal outcome

Children with gastrointestinal diseases (n=52) Controls (n=31) OR (95% CI)1 OR (95% CI)2

Normal Borderline Abnormal Normal Borderline Abnormal

Motor outcome (n=82)

Movement-ABC total 16 (31) 14 (27) 21 (41) 17 (55) 6 (19) 8 (26) 2.27* (0.90-5.78) 1.69 (0.62-4.59)

Fine motor skills 20 (39) 16 (31) 15 (29) 21 (68) 7 (23) 3 (10) 3.23** (1.27-8.33) 3.89** (1.02-14.77)

Ball skills 32 (63) 8 (16) 11 (22) 18 (58) 9 (29) 4 (13) 0.61 (0.23-1.57) 1.86 (0.54-6.44)

Coordination 24 (47) 6 (12) 21(41) 22 (71) 4 (13) 5 (16) 2.75** (1.06-7.12) 3.05* (0.99-9.43)

Cognitive outcome

Total intelligence 30 (58) 17 (33) 5 (10) 29 (94) 2 (6) 10.63‡ (2.29-49.35) ||

Verbal intelligence 35 (67) 10 (19) 7 (13) 27 (87) 4 (13) 2.66 (0.77-9.10) ||

Performance intelligence 31 (60) 14 (27) 7 (13) 25 (81) 6 (19) 2.82* (0.99-8.06) ||

Visual perception (n=75) 41 (82) 7 (14) 2 (4) 23 (92) 2 (8) 3.63 (0.75-17.70) ||

Visuomotor integration 39 (75) 6 (12) 7 (13) 28 (90) 3 (10) 3.29* (0.85-12.84) ||

Verbal memory 43 (83) 4 (8) 5 (10) 26 (84) 1 (3) 4 (13)

Delayed recall (n=77) 41 (84) 2 (4) 6 (12) 20 (71) 6 (21) 2 (7) 0.53 (0.17-1.61) 1.95 (0.37-10.41)

Recognition (n=78) 42 (86) 7 (14) 0 (0) 24 (83) 2 (7) 3 (10)

Selective attention (n=82) 35 (69) 9 (18) 7 (14) 27 (87) 2 (6) 2 (6) 4.01** (1.22-13.22) 3.54 (0.72-17.36)

Attentional control 33 (63) 6 (12) 13 (25) 26 (84) 2 (6) 3 (10) 3.81** (1.26-11.50) 4.15** (1.10-15.66)

Behavioral outcome (n=81)

Total behavioral problems 35 (70) 4 (8) 11 (22) 20 (65) 5 (16) 6 (19)

Internalizing problems 36 (72) 5 (10) 9 (18) 18 (58) 4 (13) 9 (29)

Externalizing problems 35 (70) 4 (8) 11 (22) 25 (81) 2 (6) 4 (13)

Executive functioning 42 (84) 6 (12) 2 (4) 27 (87) 2 (6) 2 (6)
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TABLE 4  Odds ratios for borderline and abnormal outcome in children

 with medically and surgically treated NEC and SIP, adjusted for severe 

cerebral pathology

MedNEC SurgNEC SIP

OR (95% CI) OR (95% CI) OR (95% CI)

Motor outcome (n=51)

Movement-ABC total 10.32‡ (2.02-52.52)

Fine motor skills 7.88‡ (2.07-29.94)

Ball skills

Coordination 4.19** (1.25-14.09)

Cognitive outcome

Total intelligence 5.27* (0.84-32.99) 16.31‡ (2.92-91.15) 11.86‡ (2.21-63.79)

Verbal intelligence 4.73** (1.13-19.68) 3.64* (0.90-14.67)

Performance intelligence 4.69** (1.27-17.27)

Visual perception (n=50)

Visuomotor integration 6.53** (1.4-30.27)

Verbal memory

Delayed recall

Recognition

Selective attention (n=51) 4.73** (1.13-19.68) 3.94* (0.97-16.03)

Attentional control 3.47* (0.85-14.17) 4.62** (1.20-17.83) 3.47* (0.94-12.85)

Behavioral outcome (n=50)

Total behavioral problems

Internalizing problems 0.277* (0.066-1.16)

Externalizing problems

Executive functioning

Data are given as odds ratio (95% confidence interval) for borderline and abnormal outcome derived 
from logistic regression analyses, corrected for severe cerebral pathology. *p<.10, **p<.05, ‡p<.01
Empty fields indicate results with p>.10.



185Chapter 7    Functional Impairments at School Age of Children with Necrotizing Enterocolitis  
or Spontaneous Intestinal Perforation

40

30

20

10

0

14

12

10

8

6

4

2

0

M
-A

B
C

 t
ot

al
 s

co
re

M
-A

B
C

 s
ub

te
st

 s
co

re

Figure 1A Movement-ABC scores in children with gastrointestinal diseases 

compared to controls

Total score Fine motor skills Ball skills Coordination 

*

*
*

The Movement-ABC total score is shown on the left y-axis, scores on the subtests are shown on the 
right y-axis. *Indicates p<.05 in comparison to controls.
  
    MedNEC       SurgNEC       SIP       Controls
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Figure 1B IQs in children with gastrointestinal disease compared to controls
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Discussion

This study showed that at school age 68% of newborn infants with gastrointestinal 

diseases (NEC or SIP) had borderline or abnormal motor outcomes. On average 

their intelligence was 11 IQ points lower than matched control children without 

gastrointestinal diseases. In addition, their attention and visual perception were 

impaired. Visuomotor integration was also affected, albeit to a lesser extent. Behavioral 

problems and executive functions were comparable to the control group. Surgically 

treated children were at highest risk for abnormal outcome at school age when 

compared to the controls. These findings remained present after correction for severe 

cerebral pathology of the children.

We found that at a mean age of 9 years 15% of the children with NEC or SIP had 

developed CP and as many as 40% had abnormal motor skills. These results were 

similar to the findings of previous studies on the neurodevelopmental outcome of 

survivors with NEC at 2 to 3 years of age. These studies reported that around 20% 

of children develop CP and that 31% of children with NEC have an abnormal (<70) 

Psychomotor Developmental Index.4,5

With regard to cognitive outcome we found that the mean IQ of children with NEC or 

SIP was 86, which was considerably lower than that of the control children. Although 

we found that at school age only 10% of the children had an abnormal total IQ (<70), 

43% had IQ scores below 85, which is the approximate cut-off point for being able 

to attend regular education in the Netherlands. Hintz et al. found that at 2 years of 

age children with NEC have a Mental Developmental Index that is 6 points lower than 

controls and that 41% of the children obtain an abnormal score (<70).5 Thus, although 

the percentage of children with abnormal intelligence at school age seems smaller in 

our study, the difference in mean scores with matched control children seems to be 

higher in our population as compared to Hintz’ study. At school age cognition can be 

determined more reliably since behavioral aspects fit the testing situation better and 

test validity is higher. 
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In addition to lower intelligence, we also found poorer selective attention, attentional 

control, visual perception, and visuomotor integration in children with NEC or SIP. 

These specific cognitive deficits, which may only come to light when the children reach 

school age, may hamper school performance even further. A case in point is poor 

attention that may affect learning.

With regards to the incidence of behavioral problems and executive functions the study 

group was comparable to the controls, even though in both groups the incidence of 

behavioral problems was increased compared to the reference population. It is known 

that ~20% of preterm infants develop behavioral problems, which is comparable to our 

findings.17,18 Apparently, the presence of gastrointestinal disease does not increase this 

risk still further. 

It is likely that the neurodevelopmental impairments we found in the survivors with NEC 

or SIP are the result of a combination of factors the infants were subjected to during 

the neonatal period. NEC and associated tissue injury initially leads to an inflammatory 

response. The subsequent release of pro-inflammatory cytokines by the activation 

of microglial cells in the brain, leads to injury to the pre-oligodendrocytes and axons 

in the white matter. These glial cells, which play an important role in myelination of 

the immature brain, are highly vulnerable to damage.19 The increased permeability 

of the blood-brain barrier during inflammation further increases the susceptibility of 

the brain to this inflammatory response.20 Both NEC and SIP can be complicated by 

sepsis, which is associated with an increased risk for overt, but also more subtle and 

diffuse, white matter abnormalities.3,21,22 Furthermore, infants with gastrointestinal 

diseases are at risk for respiratory and circulatory insufficiency which contribute to 

cerebral hypoxemia. Indeed, in this study we found that the children with NEC or SIP 

had been ventilated significantly more frequently and had required more inotropes as 

compared to the controls. Finally, nutritional difficulties and the presence of short bowel 

syndrome after surgery are other factors that could contribute to impaired growth and 

neurodevelopment.23,24

Our second aim was to identify risk factors for adverse outcome in children with 

gastrointestinal diseases. Since infants with SurgNEC had often been severely ill for a 

significant length of time - an illness that was frequently complicated with perforation - 

we hypothesized that their outcome would be worse than infants with SIP and MedNEC. 
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In this light it was striking that we did not find any significant differences in outcome 

at school age within the group of children with gastrointestinal diseases, although we 

did find a 10% higher mortality rate in children with overall NEC compared to SIP. 

Perhaps the pathophysiological mechanisms mainly responsible for worse outcome 

were similar among these children irrespective of mode of treatment and additional 

disease related factors. The size of the study group may also have limited our ability to 

detect significant differences in development between groups. 

When compared to controls, however, we did find that surgically treated children 

(both NEC and SIP) were at higher risk for worse outcome. Previous studies reported 

that two-year-old children with SurgNEC were at higher risk for abnormal motor and 

cognitive outcome than children with MedNEC compared to controls.5,25,26 The few 

studies that compared the outcome of children with SurgNEC to SIP found worse 

outcomes for children with NEC.1,27 In contrast, we found particularly high ORs for 

worse motor outcome in children with SIP. We were puzzled by this finding. One could 

suggest that the slightly higher rate of severe cerebral pathology in the children with 

SIP of our cohort played a role, however, after correction for cerebral pathology our 

results did not change. Perhaps it was a chance finding due to the low number of 

children in the subgroups.

To the best of our knowledge this is the first study that determines the functional outcome 

at school age of children with NEC or SIP. The strength of this study is that we examined 

in great detail a broad range of motor and cognitive skills and behavioral aspects that 

might limit functional abilities at school age. Moreover, we included control children 

that were matched for gender, gestational age, and birth year. A possible limitation is 

that this was a single-center study. Moreover, 1 child could not be assessed as a result 

of being deaf. Outcome of the children with gastrointestinal diseases may thus have 

been slightly worse than we reported.

Our study showed that survivors of either NEC or SIP form a specific high-risk group 

for functional impairments at school age, in the majority in the absence of overt brain 

pathology as can be detected on cranial ultrasonography. Not only their motor outcome, 

but also their cognitive outcome was significantly impaired. Their intelligence, for 

example, was barely better compared to preterm children with severe brain lesions.28,29 

In our opinion, therefore, these children deserve to be followed-up up to school age 
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since it is likely that they are coping with impairments that require intervention. This 

study also touches on the question of the pathophysiological mechanisms responsible 

for these long-term functional impairments. We believe that MRI in the neonatal period 

may help to clarify these pathophysiological mechanisms, and should be part of the 

neurodevelopmental assessment in these children.
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